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' — - (57) Abstract: The invention relates lo a melhod for conlrolling ihe weighting of a data signal in the al leasl two antenna elements 
of a multi-element transceiver 1 of a teleconimunicalions network, which data signal is to be transmitted by at leasl one weighting 
vector from said transceiver 1 to a terminal 2. For improving such a method, it comprises: receiving signals transmitted by the 
transceiver I al the terminal 2; determining for e;ich antenna element a value vv(i) indicative of the short term v:inniions; transmitting 
said values w(i) to the transceiver 1; estimating based on those values w(i) coefllcienls e(i) indicative ol the stationary structure of 

1^ the received signals; and weighting the data signal S in the antenna elements with said coel'llcients e(i). 
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Method for controlling the data signal weighting in multi- 
element transceivers and corresponding devices and 
telecommunications network 

FIELD OF THE INVENTION 

The invention relates to a method for controlling the 
weighting of a data signal in the at least two antenna 
elements of a multi- element transceiver of a 
telecommunications network, which data signal is to be 
transmitted by at least one weighting vector from said 
transceiver to a terminal. The invention equally relates to 
a method for controlling the weighting of a data signal in 
the antenna elements of a first and at least a second 
transceiver of a telecommunications network^ when a terminal 
is in soft handover with the first and at least the second 
transceiver. The invention moreover relates to such a 
transceiver and a module in such a transceiver, to such a 
terminal and a module in such a terminal and such a 
telecommunications network . 

BACKGROUND OF THE INVENTION 

For telecommunications systems, in particular for systems 
using WCDMA (wideband code division multiple access) , it is 
known to use base stations with several transmit antenna 
elements in order to be able to provide for transmission 
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diversity. The antenna elements are controlled with complex 
coefficient weight vectors, each weight vector forming a 
beam in a certain directions, and where each weight vector 
transmits a set of modulated signals. Corresponding user 
equipment requires at least one antenna for reception, which 
also extracts the statistical characteristics of the channel 
using a pilot signal or a training signal transmitted from 
the base station 'or from any other multi-element transmitter 
or transceiver. 

In order to control the weighting of two antenna elements of 
a the transceiver effectively, i.e. by taking into account 
changing transmission paths to the terminal, it has been 
proposed in the WCDMA specification: "3GPP RAN WGl, Physical 
Layer-General Description", v. 2.0,0, April 1999, to exploit 
short-term channel fluctuations estimated in the terminal 
and fed back to the transceiver. Proceeding from this 
specification, the document by Ari Hottinen, Olav Tirkkonen, 
Risto Wichman, Nokia Research Center: "Closed- loop transmit 
diversity techniques for multi -element transceivers" 
discloses different concepts for using short term feedback 
information for transceivers with more than two antenna 
elements . 

In one alternative, with the assumption of correlated 
spatial channels and a specific parameterised weight set for 
the antenna array with M elements, a particular 
parameterised beam- forming concept is used in which the 
transmit weight /array vector, parameterised by 0 is given 
by: 
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where d is the distance between the elements in the array. 
For example, with a Uniform Linear Array (ULA) we can set 
d=X/2, where X is the carrier wavelength. The feedback can 
be calculated e.g. using the eigenvector corresponding to 
the largest eigenvalue of the channel matrix H"H, where 
H=(hi, . . w h^) and where h^ is the impulse response vector 
between the m array element and the terminal. When denoting 
this eigenvector by and solving 



the phase at the transmit element m is w^ = ^(j2n(m-i)dsin(6)A) ^ 
Then, the same relative phase, calculated using common 
channel measurements, is used between all neighbouring 
transmitting elements. Thus, in this example only one 
coefficient has to be signalled to the network regardless of 
the number of transmitting elements. It is not necessary 
here for the terminal to know precisely the antenna 
structure of the transceiver, as it is in this example 
sufficient only to know (and signal information related to) 
the relative phase difference between antenna elements. In 
is clear that other array structures have different 
parameterisations . Alternatively the terminal can transmit 
simply the eigenvector coefficients and let the. transceiver 
quantize the received eigenvector to the best matching 
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parameterised array manifold. In the ULA (Uniform Linear 
Array) case this manifold is represented by w(9) above. 

It is mentioned in the document that in the presence of high 
Doppler frequencies (e.g. at velocities above 50 km/h) the 
feedback modes show diminishing returns, or even performance 
degradation when compared to open-loop concepts (including 
single antenna transmission) . The performance degradation at 
high speeds is in part due to signalling inaccuracies and in 
part due to exacerbated channel estimation problems in 
closed-loop modes. Even though it is indicated that 
different techniques can be applied to improve the 
performance in higher Doppler frequencies, long term spatial 
channel properties are not dealt with. Accordingly, the 
proposed methods are only beneficial with slowly time 
varying channels or when the control is sufficiently 
accurate within the channel time coherence. Moreover, the 
structural properties related to the downlink channel are 
not taken into account . 

The document "Advanced closed loop Tx diversity concept 
(eigenbeamformer) " , 3GPP TSG RAN WG 1, TSGR1#14 (00) 0853 
Meeting #14, July 4-7, 2000, Oulu, Finland, by Siemens 
describes a possibility of taking into account the long term 
variations as well. 

This document is aimed at three channel classes that are to 
benefit from the proposed method. The first class includes 
spatially uncorrelated channels. A second class included 
spatially coherent channels which are frequency non- 
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selective. The third class, which is considered as most 
important class, includes spatially coherent channels which 
are frequency selective or spatially partially correlated 
channels. In this class, the received signal deteriorates 
when using only short term feedback information, if the 
terminal exceeds the velocity threshold imposed by the 
coherence time and the feedback bandwidth. Accordingly, the 
velocity threshold for the terminal is to be increased. 

To this end, the dominant eigenbeams are calculated in the 
terminal by estimating long term spatial signal covariance 
matrices from received vectors of spatial channel estimation 
of the n-th temporal tap and carrying out an eigenanalysis 
on those matrices . Each resulting eigenvector with a complex 
number for each antenna element constitutes an eigenbeam. 
The dominant eigenbeams are fed back to the transceiver. A 
feedback rate of 150 0 bps is proposed for the downlink 
eigenbeamformer . The long term information bits for the 
eigenbeams and the short term information bits for eigenbeam 
selection are multiplexed over 15 slots as illustrated in 
three examples in figures la, lb and Ic. 

Several problems are either not addressed in this document 
or the proposed solutions are unsatif actory when considering 
many crucial aspects required by a working solution. As an 
example, the method proposed for signalling the long term 
channel information to the transceiver is unsatisfactory. In 
addition, the required signalling reliabilities for the long 
term channel and the short term channel vectors are not 
addressed, and the joint efficient use of downlink channel 
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structures in the presence of common and dedicated pilot 
channels are neglected. 

SUMMARY OF THE INVENTION 

It is an object of the invention to improve the methods for 
controlling the weighting of a data signal in the at least 
two antenna elements of a mult i -element transceiver of a 
telecommunications network known from the statq of the art. 
It is equally an object of the invention to provide a base 
station, a user equipment and a wireless communications 
system suitable for realising such a method. 

According to a first concept, this object is reached by a 
method for controlling the weighting of a data signal in the 
at least two antenna elements of a multi -element transceiver 
of a telecommunications network, which data signal is to be 
transmitted by at least one weighting vector from said 
transceiver to a terminal, and which antenna elements form 
at least two transmit paths to the terminal, the method 
comprising : 

receiving signals transmitted by the transceiver via each 
transmit path at the terminal; 

determining for each transmit path a value indicative of 
the short term variations of the signals; 
transmitting said values to the transceiver; 
estimating based on the received values coefficients 
indicative of the stationary structure of the received 
signals; and 



024 1 524 A 1 I > 



wo i>2/41524 



PCT/EPOO/11449 



- 7 - 

weighting the data signal in the antenna elements with 
said coefficients. 

With the first concept of the invention, an indirect 
feedback of long term values is proposed- Short term 
feedback information is transmitted from the terminal to the 
transceiver, and only in the transceiver coefficients 
indicative of the stationary structure of the transmission 
channels between transceiver and terminal are estimated. 
This is economical in, particular, when a fast feedback is 
employed anyhow for taking care of short term variations. 
The same signalling information can be used for calculating 
the relevant subspaces in the transceiver. This makes the 
realisation particularly simple, since extra signalling can 
be avoided completely. In fast fading channels the 
transceiver can then transmit the signal to the dominant 
subspace(s) calculated from of the received signal, whereas 
in a slow fading channel the transceiver can use the 
instantaneous feedback signals in transmit antenna element 
weighting . 

According to a second concept, the object is reached by a 
method for controlling the weighting of a data signal in the 
at least two antenna elements of a multi -element transceiver 
of a telecommunications network, which data signal is to be 
transmitted by at least one weighting vector from said 
transceiver to a terminal, and which antenna elements form 
at least two transmit paths to the terminal, the method 
comprising: 
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receiving signals transmitted by the transceiver via each 
transmit path at the terminal; 

determining a set of coefficients for each transmit path 
indicative of the dominant stationary structure in the 
received signals; 

transmitting said structure coefficients to the base 
station in a burst; and 

controlling the weighting of a data signal in the antenna 
elements of the transceiver with said coefficients. 



In contrast to the known long term feedback, in which bits 
are transmitted constantly and distributed to predetermined 
slots / the invention proposes a transmission in bursts, 
which allows for a variety of advantageous treatments. 

Both concepts provide reliable information on the stationary 
structure of the channels between a mult i -element 
transceiver, in particular a base station, and a termiinal, 
in particular a user equipment . The method of the second 
concept, however, provides exact structural coefficients 
calculated at the terminal, while the method of the first 
concept provides estimated structural coefficients 
determined at the transceiver, but in a more simple way. 

According to a third concept, the object is reached by a 
method for controlling the weighting of a data signal in the 
antenna elements of a first and at least a second 
transceiver of a telecommunications network, when a terminal 
is in soft handover with the first and at least the second 
transceiver of which at least the first one is a multi- 
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element transceiver, which data signal is to be transmitted 
from the transceivers to the terminal, the data signal being 
transmitted at least from the first transceiver by at least 
one weighting vector, and which antenna elements of the 
first transceiver form at least two transmit paths to the 
terminal, the method comprising: 

receiving signals transmitted by. the first and at least 
the second transceiver via each transmit path at the 
terminal ; 

determining in the terminal separately for each 
transceiver a set of coefficients for each transmit path 
from the respective transceiver indicative of the 
dominant stationary structure in signals received from 
the respective transceiver 

transmitting the separately determined structure 
coefficients separately to the respective transceiver; 
and 

controlling the weighting of a data signal in the antenna 
elements of the transceivers with the respectively 
received structure coefficients . 

Alternatively, the method of the third concept comprises: 
receiving signals transmitted by the first and at least 
the second transceiver via each transmit path at the 
terminal ; 

determining in the terminal a set of coefficients for 
each of the transmit paths of both of the transceivers 
indicative of the dominant stationary structure in the 
signals received from both transceivers; 
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transmitting the same determined sets of coefficients to 
both of the transceivers; and 

controlling the weighting of a data signal in the antenna 
elements of the transceivers with the same received 
structure coefficients. 

Both alternatives of the third concept of the invention 
improve the known methods for controlling the weighting of a 
data signal in the at least two antenna elements of a multi- 
element transceiver of a telecommunications network, when 
this transceiver is involved in a soft handover. The second 
transceiver involved in the soft handover may or may not be 
a TTiulti -element transceiver. With the proposed methods, a 
long term feedback for transceivers involved in a soft 
handover becomes possible. 

In the first method according to the third concept of the 
invention, the structural coefficients can be calculated and 
signalled for each transceiver separately, which leads to an 
optimised weighting in the transceivers. 

In order to reduce the required feedback signalling 
capacity, the second method according to the third concept 
of the invention proposes to calculate a set of structural 
coefficients using all channel estimates of each transmit 
path between the two transceivers and the terminal. Then, 
the same coefficients are transmitted to both of the 
transceivers. The coefficients are not necessarily 
transmitted separately to each transceiver. For example, in 
CDMA systems, with uplink in soft handover, the same 
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transmission is received by all base stations. The same 
coefficients are applied in both transceivers involved in 
the soft handover. 

In all three concepts, each transmit path can be formed by 
one antenna element or by a group of antenna elements. 

The above stated* object of the invention is equally reached 
by a transceiver, in particular a base station, with at 
least two antenna elements and by a terminal, in particular 
a user equipment, with at least one antenna element 
comprising means respectively for realising one of the 
methods according to the invention. The object is also 
reached with a transceiver module and with a terminal module 
for a transceiver and a terminal of a telecommunications 
network respectively which comprise means respectively for 
realising one of the methods according to the invention. 
Finally, also a wireless communications system with at least 
one transceiver and at least one terminal suitable for 
realising one of the methods according to the invention 
reaches the object of the invention. 

Preferred embodiments of the invention become apparent from 
the subclaims . 

In all three alternative concepts, the signal transmitted 
from the transceiver to the terminal should contain a pilot 
signal, the distribution of which to the different 
transmission paths is known in the terminal just as the 
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signal itself so that values or coefficients can be easily 
calculated in the terminal. 

In the first concept, other indirect techniques can be 
combined with the calculation of the coefficients for 
obtaining weight vectors. As an example, dominant beams can 
be calculated from received data signals (as opposed to 
special signals with said channel state information) in 
uplink, if the transceiver antenna array is calibrated. The 
blindly (implicitly) estimated weight vectors can then be 
combined with those obtained by feedback. For example, the 
dominant beam can be a weighted average of the weight 
vectors calculated in the aforementioned two ways. 
Alternatively, the dominant weight vector (s) can be 
calculated as dominant eigenvectors of an average of spatial 
correlation matrices, one obtained as explicit feedback and 
one from implicit feedback. 

In a preferred embodiment of the method of the first concept 
according to the invention, weight vectors for short term 
fading are determined in the terminal and transmitted to the 
transceiver as values characteristic for the signals from 
different antennas. The feedback weight can be estimated by 
the terminal by any signalling method from which the channel 
parameters can be extracted, e.g. one of the method proposed 
in the above cited document "Closed-loop transmit diversity 
techniques for multi-element transceivers" . 

In an equally preferred embodiment of the method of the 
first concept, at least two samples for each antenna element 



024 1 524 A 1 I > 



wo 02/41524 



PCT/EPOO/ 11449 



- 13 - 

in the received values are used in the transceiver for 
estimating spatial signal covariance matrices. Afterwards, 
the diversity vectors calculated from said covariance 
matrices are determined e.g. in an eigenanalysis , the 
diversity vectors providing the coefficients used for 
controlling the weighting of the data signal. If one 
eigenvector per antenna element is determined, the 
eigenvectors corresponding to the strongest eigenvalues 
indicate which beams (eigenbeams) are preferred. 

Alternatively to determining the eigenvectors of a spatial 
instantaneous signal covariance matrix, the received values 
can be used to determine structural coefficients after FIR 
(Finite Impulse Response) or IIR (Infinite Impulse Response 
filtering applied to the received samples or to the 
respective correlation matrices. 

In a further preferred embodiment of the method of the first 
proposed concept, structural coefficients are used in the 
transceiver for transmitting data signals with the 
determined preferred beams, and additionally, the terminal 
makes use of the determined short term values for weighting 
the preferred beams or selecting one of the preferred beams 
for the transmission of the data signal . 

The received values can include for estimating the 
structural coefficients weight vectors or signal statistics 
or a combination thereof. The estimated coefficients can be 
tr-ansmitted to the terminal, e.g. by reliable signalling. 
The terminal can calculate the effective received channel as 
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it knows the channel coefficients (matrix H) , measured e.g. 
from pilot channels, and the reliably signalled preferred 
(dominant) beams. The terminal can then use short term 
feedback to distribute or weight the transmitted information 
in/to at least two weight vectors. 

If the transceiver transmits a signal to the terminal 
indicating at least the weight information currently used 
for forming stationary beams, the terminal does not have to 
estimate the used linear combination applied to the matrix H 
in the transmitter. Estimation could be done with the aid of 
pilot or training signals in a dedicated beam, the dedicated 
beam being typically some linear combination of the 
preferred (dominant) beams. Instead, to avoid estimation 
errors, the long term beam information can be included in a 
dedicated frame t and be coded for transmission to the 
terminal. Once the terminal has decoded this frame, the new 
long-term weight can be applied to the future frames t+N, 
with N > 1. When dominant beams change, new .weight 
information is calculated at the transceiver and then 
transmitted in coded format to the terminal at terminal 
request, upon transmitter decision, at predetermined frames, 
or any combination of these. 

In the second concept of the invention, the transmission of 
the stationary structure coefficients in bursts makes it 
possible to transmit the signal as message, i.e., as a 
higher layer signal or a service instead of a layer 1 signal 
with predetermined information content and frame structure. 
Accordingly, the problem of defining new frame formats for 
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multi -antenna systems is avoided, and the concept can be 
easily used regardless of the antenna structure at the base 
station. 

In particular, dominant weighting vectors can be 
transmitted as structural coefficients and therefore as long 
term feedback information. As an example, if dominant 
eigenvectors are* transmitted as dominant weighting vectors 
to the transmitter, these eigenvectors can be calculated, 
e.g., as described in the above cited document "Advanced 
closed loop Tx diversity concept (eigenbeamf ormer) " . I.e., 
at first, long term spatial signal covariance matrices are 
calculated from received vectors of spatial channel 
estimation of the n-th temporal tap and then an 
eigenanalysis is carried out on those matrices to obtain the 
eigenvectors . 

Alternatively, the structure coefficients can be calculated 
by using an independent component analysis, as described 
e.g. by J.F. Cardoso and P. Comon in: "Independent Component 
Analysis, a Survey of Some Algebraic methods", Proc, ISCAS 
Conference, volume 2, pp. 93-96, Atlanta, May 1996, or by 
some high-order generalisation of eigenanalysis which makes 
use of a higher order structure information (in addition to 
mean and covariance information) in the received signal and 
designates dominant weighting vectors . 

In a preferred embodiment of the second concept of the 
invention, the structural coefficients are encoded before 
transmission. This assures the terminal a better reliability 
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that the coefficients reach the transceiver correctly, since 
coded transmissions yield a better error rate than uncoded 
transmission. A coding of the structural coefficients is 
possible and preferred, since they are transmitted as 
bursts, not in distributed slots, and since the structure in 
the long-term beams changes only slowly, depending on the 
velocity of the terminal and the environment. The 
reliability is particularly good, if the coefficients are 
coded together with other data (e.g. comprising other 
control information or information) to be transmitted in 
the uplink. In this case, the coding block is longer and 
therefore stronger. Alternatively, a separate encoder, e.g. 
a convolutional or block encoder, can be used for short 
frames with the long term feedback information. Basically, 
the encoding structure in the current multiplexing and rate 
matching concept can be used, i.e. if used with WCDMA it can 
also be considered as particular service in the rate 
matching algorithm of the WCDMA system with desired quality- 
of -service requirements. In one implementation the 
coefficients are coded together with Transport Format 
Control Indicator (TFCI) bits, defined in the WCDMA 
specification, which designate, among other things, the data 
rate information. 

In a further preferred embodiment of the second concept of 
the invention, a signal suited for error detection is added 
to the transmitted coefficients or included in the 
transmitted coded signal, e.g. a CRC (cyclic redundancy 
check) information. If the transceiver detects that the 
transmission was not free of errors, it can request from the 
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terminal a repetition of the transmission- An error 
detection or an acknowledgement of the reception is not 
necessary, if the measurement result is encoded in the 
terminal with sufficient reliability . 

When the long-term information is transmitted as coded 
bursts, the terminal can calculate the short term feedback 
e.g. as in the current two-element closed-loop concepts. The 
terminal can assume that the long-term beams are applied at 
the base station error- free in each antenna element and 
subsequently the terminal can calculate the effective 
channel. The effective channels calculated by the terminal 
are now given by h_ef f (i) =H*e (i) , where e(i) denotes 
the i-th dominant weightvector . As an example, with two 
dominant weight vectors, the terminal can use h_eff (1) and 
h_eff (2) in place of hi and h2 , as proposed in the above 
cited document "Closed- loop transmit diversity techniques 
for multi- element transceivers" (or as proposed in the 
current two- element WCDMA closed- loop concept) , in order to 
calculate the short-term feedback that determines how to 
combine or weight the known long-teorm beams in the 
transceiver. Note that this is not practical if the terminal 
cannot be sure that the dominant vectors are reliable, since 
the effective channels would then be in error. Instead, 
then, a dedicated pilot channel, or a set of training 
symbols would need to be transmitted to the long-term beams. 
This would require additional changes to the WCDMA 
specification, rely too heavily on channel estimation, and 
add signalling overhead to downlink. 
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The transmission of the long term feedback information can 
take place regularly, or when requested by the terminal or 
when requested by the transceiver or a combination of the 
three . 

When M antenna elements are used by a transceiver and 
eigenvectors are calculated as structural coefficients, one 
weight per antenna elements is determined e.g. by 
eigenanalysis in the terminal for each weightvector . Instead 
of transmitting M weight values for each eigenvector, 
however, only M-1 weight values have to be transmitted as 
feedback to the transceiver, since the determined direction 
of the beams is not affected by this reduction. 

The methods of the first concepts of the invention can also 
be used in soft handover, where there are at least two 
transceivers and where at least one transceiver has multiple 
antenna elements. If the method according to the first 
concept of the invention is used in soft handover, each base 
station can signal the long-term weights separately to the 
terminal . 

The two alternative methods according to the third concept 
of the invention enable the use of the method according to 
the second concept in soft handovers, except that the 
transmission of the determined structural coefficients in 
bursts is optional. All embodiments proposed for the second 
concept of the invention can also be used for the two 
alternative methods of the third concept of the invention. 
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As an example of the second method according to the third 
concept of the invention, in which the same long-term weight 
vectors are applied in both transceivers, the terminal can 
calculate 

e* = arg max,„., e" E ^" (OH, (0> 

This defines essentially the largest eigenvector 
corresponding to- long-term channel correlation matrix 

over base stations (index k) and over multiple time instants 
(t) . In analogy with the single transceiver case, several 
methods exist to calculate diversity vectors from this 
correlation matrix, e.g. using eigenvalue decomposition, 
independent component analysis, and so on. Furthermore, the 
various recursive and computational efficient procedures 
exist for updating the correlation matrix or the 
corresponding diversity vectors. As is well known in the 
art, additional information e.g. estimated information on 
the noise covariance structure can be incorporated when 
calculating the diversity vectors.. For example, if Rj 
denotes the noise covariance structure in the signal, we 
compute in place of eigenvalue decomposition, a generalised 
eigenvalue decomposition of the matrix pair (Ri,R) . The use 
of eigenvalue decomposition thus implicitly assumes that the 
noise covariance is diagonal. The methods described in this 
document are described for simplicity using this assumption. 

It is likely that in soft handover the use of long-term 
weight vectors may be sufficient and the short term feedback 
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may not be needed at all. In the absence of short term 
feedback the base station can send information through 
dominant beams using any open-loop transmit diversity 
technique. For example, space- time encoded signals can be 
transmitted through the dominant beams, as shown e.g. in the 
above cited reference "Closed- loop transmit diversity 
techniques for multi-element transceivers". Alternatively, a 
SW-STTD (Soft-Weighted Space Time Transmit Diversity) 
concept as proposed in the document "Soft -Weighted Transmit 
Diversity for WCDMA" by A, Hottinen, R. Wichman and D. 
Raj an, Proceeding of Allerton Conference on Communications, 
Control, and Computing, Illinois, USA, September 1999, can 
be employed. 

Preferably, the method of the first and second concept 
according to the invention is used for WCDMA, in particular 
in UMTS (Universal Mobile Telecom System) networks or in 
UTRAN (UMTS Terrestrial Radio Access Network) • 

BRIEF DESCRIPTION OF THE FIGURES 

In the following, the invention is explained in more detail 
with reference to drawings, of which 

Fig. la-c show multiplexing formats for long term and short 
term feedback information of the prior art; 

Fig. 2 illustrates an embodiment of the method of the 

first concept according to the invention; and 

Fig. 3 illustrates an embodiment of the method of the 

second concept according to the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figures la-c were already mentioned with reference to the 
prior art . 

Figure 2 illustrates an embodiment of the method according 
to the first concept of the invention. 

Figure 2 shows on the left hand side components of a base 
station 1 as transceiver and on the right hand side a user 
equipment 2 as terminal. Base station 1 and user equipment 2 
are part of a UMTS network with WCDMA. 

For receiving and making available signals from the network, 
the base station 1 comprises a data supplying unit 3. In the 
data supplying unit 3, signal inputs for a pilot signal, for 
a Transmit Power Control TPC and for Transport Format 
Control Indicator bits TFCI are connected directly to a 
multiplexer 31. A signal input for the data signal is 
connected to the multiplexer 31 via an encoder 32 and an 
interleaving unit 33 . The multiplexing unit 31 is connected 
via a spreading unit 34 to the output of the data supply 
unit 3. The base station 1 further comprises an antenna 
array with, several transmit antenna elements 4 . The data 
supplying unit 3 is connected to each of the antenna 
elements 4 via a respective multiplier 5, a respective FIR 
filter 6 and a respective modulation unit 7. The base 
station 1 moreover comprises a processing unit 8 with access 
to the multipliers 5. The processing unit 8 is in addition 
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connected to the multiplexing unit 31 via a guantizier 9 and 
a further encoder 10 . 

Of the user equipment 2, only an antenna element 11 and a 
processing unit 12 is depicted separately. 

The base station 1 receives as input from the UMTS network 
data signals, a pilot signal, TPC and TFCI that are all to 
be transmitted to the user equipment 2. The data signal is 
first encoded in the encoder 32 and interleaving in the 
interleaving unit 33, before being multiplexed with the 
other signals in the multiplexer 31. The multiplexed signal 
is then spread in the spreading unit 34 for supplying them 
to the different antenna elements 4. The antenna elements 4 
of the base station 1 are used for forming beams 
transmitting signals in different directions. To this end, 
the spread signal is weighted for each antenna element with 
an assigned weight w^ to w„ in the corresponding multiplier 
5. Then, the signal for each antenna element is FIR filtered 
in the FIR filter 6 and RF (radio frequency) modulated in 
the modulation unit 7 before being output as RF signal. Each 
generated beam comprises a set of complex coefficient 
vectors . 

The pilot signal that is transmitted by the base station. 1 
via the antenna elements 4 in parallel with the received 
data signals, has a predetermined weighting and a 
predetermined data sequence. 



0241524A1_I_> 



wo 02/41524 



PCT/EP0()/1I449 



- 23 - 

The user equipment 2 knows which pilot signal was used and 
how the signal was weighted in the different antenna 
elements. Therefore, in the processing unit 12 of the user 
equipment 2, short term variation weights w(i) can be 
estimated out of obtained channel estimates h^ to h„ for each 
of the m antenna elements 4 of the base station 1. The 
weights w(i) can be calculated in the user equipment/ e.g. 
according to one of the methods described in the above cited 
document "Closed-loop transmit diversity techniques for 
multi-element transceivers", or in analogy with the above 
mentioned WCDMA specification by maximising the power 
received at the user equipment 2 : 

P = w"*H''*H*w with H = [hi h2 . . . ] 

where h^ is the vector of spatial channel estimation of the 
n-th temporal tap and w the short term antenna weight vector 
composed of weights w{i) . The weights w(i) are quantized 
with a low resolution, e.g. they may be either 1 or -1. 
Those weights w(i) are used on the one hand in the 
processing unit 12 of the user equipment 2 for selecting one 
of the received beams as preferred beam. On the other hand, 
they are transmitted in the uplink channel as feedback 
signals to the base station 1. i indicates the slot in which 
a weight w(i) is transmitted. 

The vector w is received in the processing unit 8 of the 
base station 1 with added noise. The processing unit 8 
filters the received values (soft commands) using a 
forgetting factor p and estimates the long term spatial 
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signal covariance matrix of the nth dominant temporal tap 
with the following equation: 

R„(i) = pR„(i-l) + (l-p)w„(i)w„"(i) , 

where i denotes the slot number. Proceeding from the 
estimated covariance matrices R^, the processing unit 8 of 
the base station 1 performs an eigenanalysis in order to 
receive the eigenvectors with the equation: 

R„E„ = E,0„ 

Matrices 0^ comprise the eigenvalues of matrices R„. The 
required eigenvectors are columns of the determined matrices 
E^. The dominant eigenvectors indicate the long term weight 
vectors that are used best for transmission. Reliability 
information can be used to weight different feedback symbols 
differently. The eigenvalues do not represent the mean 
powers of each beam as the feedback does not contain channel 
power information. Nevertheless, the dominant eigenvector 
defines the dominant long term transmit weight vector, as 
this is likely to be the only stationary structure in the 
feedback signal . 

Having calculated the dominant eigenbeam or beams, the 
processing unit 8 of the base station 1 decides how to use 
them for transmission of data signals and assigns a 
corresponding weight v^ to v„ to each of the multipliers 5. 
For example, if two dominant long term beams are to be 
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formed/ an m dimensional vector v=Wi*ei + W2*e2 can be 
calculated, the weights to v^, in vector v=(Vi,.„,v„) can be 
applied for weighting the data signals in the m antenna 
elements . 

If only one beam can be resolved at the terminal, the base 
station 1 can decide to allocate the power to the dominant 
eigenbeam e(i) only or both to the eigenbeam e(i) and to the 
instantaneous beam w(i) created according to the short term 
fading information. Alternatively, several diversity beams 
can be calculated at the base station and be subsequently 
transmitted by the base station 1 to the user equipment 2 
with data signal distributed according to several long term 
weight vectors to the different antenna elements 4. The user 
equipment 2 has to know the coefficients used for the 
diversity beams for efficient signal detection and decoding. 
It is possible to extract the dominant beam coefficients 
from the received data. However, in order to avoid 
estimation in the user equipment 2, the base station 1 
transmits weight information e(l),e(2) indicating the 
weights in antenna elements used to transmit the long-term 
signal to the user equipment 2 . To this end, the 
eigenvectors e{i) determined in the processing unit 8 are 
output to the quantiser 9 for quantisation and afterwards to 
the second encoder 10 for encoding. The thus processed 
eigenvectors are fed to an input of the multiplexer 31, 
where they are multiplexed with the other signals that are 
to be transmitted to the user equipment 2 . 
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The processing unit 8 may be used at the same time for a 
DPCCH (dedicated physical control channel) decoding, which 
decodes data transmitted in uplink frames. 

For the pilot signal, two orthogonal dedicated pilot 
channels can be used, one directed with a long term beam and 
one with an instantaneous beam. The user equipment 2 then 
signals which on^ to use for a particular slot. The use of 
SW-STTD (Soft-Weighted Space Time Transmit Diversity) , as 
described e.g. in the above cited "Soft-Weighted Transmit 
Diversity for WCDMA" , is also possible. In this case, in 
relatively, slowly varying channels the instantaneous beam is 
likely to give better gains, while in very slow channels 
both, the dominant eigenbeam and the instantaneous beam, 
point roughly to the same direction. 

In the simplest case, if only one weight vector is used in 
the transceiver, Mode 2 dedicated pilot channels can be 
used. The base station 1 transmits only one beam, which may 
be a linear combination of instantaneous beam and long term 
beam. For transmission of information in the downlink, also 
Mode 1 may be used. 

Next, an embodiment according to the second concept of the 
invention illustrated in figure 3 will be described. 

Figure 3 shows just like figure 2 a base station 1 and a 
user equipment 2 of a UMTS network with WCDMA. The 
corresponding components are denoted with the same reference 
numbers as in figure 2. However, in the part of figure 3 
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with the base station 1, the connection of the processing 
unit 8 to the multiplexer 31 via quantizer 9 and encoder 10 
is missing. Instead, a multiplexing and encoding unit 13 
forming part of the user equipment 2 and connected to the 
output of the processing unit 12 of the user equipment is 
shown. Moreover, in Figure 3 the processing unit 8 of the 
base station 1 does not comprise means for estimating 
eigenvectors. In' this embodiment, such means are comprised 
in the processing unit 12 of the user equipment 2, 

The supply of signals received by the data supply unit 3 of 
the base station 1 from the network to the antenna elements 
4 of the base station 1 is the same as described with 
reference to figure 2 . 

The processing in the processing unit 8 of the base station 
1 and in the user equipment 2 and the transmission between 
them, however, is different. 

In parallel to transmitting data signals, an orthogonal 
pilot sequence is transmitted from each base station antenna 
element 4 as signal to the. antenna element 11 of the user 
equipment 2. With the received signals, the processing unit 
12 of the user equipment 2 is able to estimate the long term 
spatial covariance matrices of the dominant temporal taps. 
The long term channel properties change slowly over time, 
therefore a forgetting factor p is applied to the long term 
spatial covariance matrix of the n-th dominant temporal tap 
with the equation: 
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R„(i) = pR„(i-l) + (l-p)h„(i)h/(i) , 



where i denotes the slot number and the vector of spatial 
channel estimation of the n-th temporal tap. As an example, 
eigenanalysis as described with reference to figure 2 or an 
independent component analysis is employed for determining 
the eigenvectors e(i)'of the matrices and thereby the 
required weighting coefficients. To avoid the computation of 
the correlation matrix, Singular Value Decomposition and 
subspace tracking can be applied directly using the channel 
estimates h(i) . 



Each long term beam ( divers itybeam) is a vector e(i) of 
complex numbers. With M antenna elements, for each selected 
eigenbeam only M-1 weights have to be transmitted for 
determining the desired direction of the beams. Therefore, 
the size of the vector equals the number of antenna elements 
minus 1 . Real and imaginary part of each vector element are 
quantized with Nq^^^t bits. Thus, for the transmission of one 
beam N= (M-l) *2*Nq^ant, bits are required. Here, with M=4 and 
Nquant = 4, N=3*2*4=24 bits are required. Hence, the feedback 
of two long term diversity beams needs 48 feedback bits. 
Basically any quantization and signaling technique can be 
used, e.g. those used currently in Mode 1 and Mode 2 closed- 
loop transmit diversity concepts. 

Relevant information in the diversity vectors e(i) belonging 
to the selected diversity beams is transmitted to the base 
station 1 as bursts. CRC information is added. Each burst is 
multiplexed using the WCDMA multiplexing and coding chain 



0241524A1 I > 



wo 02/41524 



PCT/EPOO/11449 



- 29 - 

with other data signals input by the user of the user 
equipment 2 and to be transmitted to the base station 1. Out 
of the multiplexed data, Turbo or convolutionally coded 
frames are generated, thereby maximising the coding gain for 
the long term feedback information. Multiplexing and coding 
are carried out in the multiplexing and encoding unit 13 of 
the user equipment 2 . 

The coded frames are transmitted from the multiplexing and 
encoding unit 12 of the user equipment 2 to the base station 
1, where they are. decoded and demultiplexed in the 
processing unit 8. For decoding a DPCCH (dedicated physical 
control channel) decoding is carried out, which decodes the 
uplink frame to get i.a. the long term information e(i) . If 
an error is detected in the processing unit 8 by evaluating 
the CRC information, the base station 1 requests new 
measurement and signalling from the user equipment 2 before 
applying the new weights to v^^ to the multipliers 5. With 
this approach, no new frame format is necessary in the 
uplink, and the long-term information is made sufficiently 
reliable to the user equipment 2 to avoid estimation 
problems when receiving the dedicated channel. Moreover, the 
concept uses the signal processing techniques already 
incorporate to terminals that support the two-element 
feedback mode transmit diversity techniques. 

If no error was detected, the decoded diversity vector 
information e(i) is used in the base station 1 for forming 
beams in the desired directions by assigning corresponding 
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weights v^^ to to the multipliers 5 for transmitting a data 
signal from the antenna elements 4. 

The coded long term feedback signals can be generated and 
transmitted only when requested by the network. To this end, 
a particular measurement request is transmitted from the 
base station 1 via a downlink signalling channel (dedicated 
or common channel) to the user equipment 2 . As a result, the 
measurement results, obtained either by off-line processing 
before the request or after the request, are then reported 
to the base station 1 as described above. The signal 
processing and signalling requirements are similar to those 
needed for handoffs. The downlink signalling channel can be 
implemented with the existing service multiplexing and rate 
matching concept of VJCDMA systems . 

The user equipment 2 can use the vector of spatial channel 
estimation h„ of the n-th temporal tap in addition for 
estimating the short term antenna weight/beamf orming vector 
w(i) as described e.g. in the above cited document "Closed- 
loop transmit diversity techniques for multi-element 
transceivers". In particular, the transmitted long term 
feedback information e(i), assumed to be received and 
applied correctly in the base station 1, can be used as 
additional information for the calculation of short term 
weight vectors w(i) as soon as signals are received with 
weighting according to said long term information. The short 
term feedback information w(i) for beam weighting is 
transmitted as layer 1 signal, but it can equally be 
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transmitted together with the long term feedback information 
e ( i ) in encoded frames . 

Having received the dominant eigenbeam or beams from the 
terminal, the base station 1 decides how to use them for 
transmission of data signals and assigns a corresponding 
weight v^ to v„ to each of the multipliers 5. For example, if 
two dominant long term beams are to be formed by feedback, 
and when short term feedback wl and/or w2 is received from 
the terminal, an m dimensional vector v=Wi*ei + W2*e2 can be 
calculated at the transceiver, and the weights v^ to v^ in 
vector v= (v^,,.., v„) can be applied for weighting the data 
signals in the m antenna elements. 

For simplicity we have omitted time index from the 
explanation. It is understood, however, that the terminal 
takes into account signalling and decoding delays (if .any) 
when determining the feedback information. For example, if 
both short and long term information is sent in frame t, and 
if there is one frame decoding delay for long term 
information, the short term information sent in frame t can 
be calculated based on long term weights in frame t-1. 

If there is no short term feedback information w(i) 
available, the base station 1 can transmit data signals to 
the user equipment 2 using any number of diversity beams. 
For example, the information can be distributed to the beams 
by using space-time coding, like.STTD or any other suitable 
coding. If both, coded long term feedback and short term 
feedback is present, the user equipment 2 can determine the 
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optimal complex coefficient for weighting the diversity 
beams. With reliable long term feedback this coefficient can 
be calculated using common channels, and weight verification 
can be applied to the complex coefficient by using beam 
specific pilot signals. 
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Claims 

1, Method for controlling the weighting of a data signal 
(data) in the at least two antenna elements (4) of a 
multi-element transceiver (1) of a telecommunications 
network, which data signal (data) is to be transmitted 
by at least one weighting vector from said transceiver 
(1) to a terminal (2) , and which antenna elements (4) 
form at least two transmit paths to the terminal, the 
method comprising: 

receiving signals transmitted by the transceiver (1) 
via each transmit path at the terminal (2) ; 
determining for each transmit path a value (w(i)) 
indicative of the short term variations of the 
signals; 

transmitting said values (w(i)) to the transceiver 
(1); 

estimating based on the received values (w(i)) 
coefficients (e(i)) indicative of the stationary 
structure of the received signals; and 
- weighting the data signal (data) in the antenna 
elements with said coefficients (e(i)). 

2. Method according to claim 1, wherein the values (w(i)) 
indicative of the short term variations are weight 
vectors based on essentially instantaneous channel 
measurements . 
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3- Method according to claim 1 or 2, wherein the estimating 
of coefficients (e(i)) indicative of the stationary 
structure in the transmitted signal comprises 

estimating from the received values (w(i)) spatial 
signal covariance matrices using at least two 
received samples for each transmit path and 
calculating the diversity vectors (e(i)) from said 
spatial signal covariance matrices, said diversity 
vectors (e(i)) constituting the coefficients used for 
controlling the weighting of the data signal (data) 
in the antenna elements, the antenna, or the 
transceiver (1) . 

4. Method according to claim 2, wherein said diversity 
vectors (e(i)) are eigenvectors calculated by 
eigenanalysis of said spatial signal covariance 
matrices. 

5, Method according to one of claims 1 or 2, wherein the 
estimating of coefficients (e(i)) indicative of the 
stationary structure in the transmitted signal comprises 
a Finite Impulse Response (FIR) filtering or an Infinite 
Impulse Response (IIR) filtering applied to the received 
samples (w(i)) or to respective spatial signal 
covariance matrices estimated from the received values 
{w(i) ) , 

6- Method according to one of the preceding claims, wherein 
the received values used for estimating the coefficients 
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(e(i)) include short term weight vectors (w(i)) and/or 
signal statistics, wherein the estimated coefficients 

(e(i)) are transmitted to the terminal {2), and wherein 
the terminal (2) uses short term feedback to weight or 
distribute the transmitted information in/to at least 
two short term weight vectors . 

7. Method according to one of the preceding claims, wherein 
the weights corresponding to the stationary weight 
vector (s) used in the transceiver (1) are transmitted to 
the terminal (2) and wherein the terminal (2) uses the 
signalled weights and the channel estimates (h^ _ . h„) 
of the transmit paths between the transmitting antenna 
elements (4) of the transceiver (1) and the receiving 
antenna elements (11) of the terminal (2) to calculate 
the effective received channels. 

8. Method according to claim 7, wherein the effective 
received channels are used in the terminal (2) for 
calculating short term feedback. 

9. Method according to one of claims 1 to 8, wherein for a 
soft handover of a terminal from a first transceiver to 
a second transceiver, each of the transceivers 
determines said coefficients for weighting data signals 
in the antenna elements of the respective transceiver 
with weights corresponding to said coefficients and 
wherein each of the transceivers signals the weights 
corresponding to the coefficients to the terminal. 
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10. Method for controlling the v;eighting of a data signal 
(data) in the at least two antenna elements (4) of a 
multi- element transceiver (1) of a telecommunications 
network, which data signal (data) is to be transmitted 
by at least one weighting vector from said transceiver 
(1) to a terminal (2), and which antenna elements (4) 
form at least two transmit paths to the terminal, the 
method comprising: 

receiving signals transmitted by the transceiver (1) 
via each transmit path at the terminal (2) ; 
determining a set of coefficients (e(i)) for each 
transmit path indicative of the dominant stationary 
structure in the received signals; 

transmitting said structure coefficients' (e(i)) to 
the transceiver (1) in a burst; and 

controlling the weighting of a data signal (data) in 
the antenna elements of the transceiver (1) with said 
structure coefficients (e(i)). 

11. Method according to claim 10, wherein said transmitted 
structure coefficients (e(i)) form dominant diversity 
vectors of estimated long term spatial signal covariance 
matrices . 

12. Method according to claim 11, wherein said dominant 
diversity vectors are eigenvectors (e(i)) of said long 
term spatial signal covariance matrices. 
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13. Method according to claim 10, wherein said structure 
coefficients (e(i)) are calculated by using an 
independent component analysis. 

14. Method according to claim 10, wherein said structure 
coefficients (e(i)) are calculated by a high-order 
generalisation of eigenanalysis which makes use of mean 
and covariance information in the received signal and 
designates dominant weighting vectors. 

15. Method according to one of claims 10 to 14, wherein said 
structure coefficients (e(i)) are encoded before 

t ransmi s s ion . 

16. Method according to one of claims 10 to 15, wherein said 
structure coefficients (e(i)) are multiplexed with other 
signals to be transmitted to the transceiver, the 
multiplexed signal being encoded before transmission. 

17. Method according to one of claims 10 to 16, wherein an 
error detection signal is transmitted together with the 
structure coefficients (e(i)) from the terminal (2) to 
the transceiver (1) . 

18. Method according to one of claims 10 to 17, wherein in 
the terminal (2) the determined structural coefficients 
(e(i)) are used together with the channel estimates (h^ 
... h^) of the transmit paths between the transmitting 
antenna elements (4) of the transceiver (1) and the 
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receiving antenna elements (11) of the terminal (2) to 
calculate the effective received channels . 

19- Method according to claim 18, wherein the effective 

channels are used in the terminal (2) to calculate the 
values indicative of the short term variations in the 
channels, wherein the terminal (2) signals the 
calculated short term values to the transceiver (1) , and 
wherein the transceiver (1) weights the data signals in 
the antenna elements (4) of the transceiver (1) with a 
combination of the received structural coefficients 
(e(i)) and the short term values, 

20. Method for controlling the weighting of a data signal in 
the antenna elements of a first and at least a second 
transceiver of a telecommunications network, when a 
terminal is in soft handover with the first and at least 
the second transceiver of which at least the first one 
is a multi-element transceiver, which data signal is to 
be transmitted from the transceivers to the terminal, 
the data signal being transmitted at least from the 
first transceiver by at least one weighting vector, and 
which antenna elements of the first transceiver form at 
least two transmit paths to the terminal, the method 
comprising : 

receiving signals transmitted by the first and at 
least the second transceiver via each transmit path 
at the terminal; 

determining in the terminal separately for each 
transceiver a set of coefficients for each transmit 
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path from the respective transceiver indicative of 
the dominant stationary structure in signals received 
from the respective transceiver 

transmitting the separately determined structure 
coefficients separately to the respective 
transceiver; and 

controlling the weighting of a data signal in the 
antenna elements of the transceivers with the 
respectively received structure coefficients. 

21. Method for controlling the weighting of a data signal in 
the antenna elements of a first and at least a second 

transceiver of a telecommunications network, when a 
terminal is in soft handover with the first and at least 
the second transceiver of which at least the first one 
is a multi-element transceiver, which data signal is to 
be transmitted from the transceivers to the terminal, 
the data signal being transmitted at least from the 
first transceiver by at least one weighting vector, and 
which antenna elements of the first transceiver form at 
least two transmit paths to the terminal, the method 
comprising : 

receiving signals transmitted by the first and at 
least the second transceiver via each transmit path 
at the terminal ; 

determining in the terminal a set of coefficients for 
each of the transmit paths of both of the 
transceivers indicative of the dominant stationary 
structure in the signals received from both 
transceivers ; 
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transmitting the same determined sets of coefficients 
to both of the transceivers; and 

controlling the weighting of a data signal in the 
antenna elements of the transceivers with the same 
received structure coefficients . 



22. Method according to one of claims 20 and 21, wherein the 
structure coefficients are transmitted in bursts to the 
transceivers - 

23. Method according to one of claims 20 to 22, wherein said 
transmitted structure coefficients form dominant 
diversity vectors of estimated long term spatial signal 
covariance matrices. 



24. Method according to claim 23, wherein said dominant 
diversity vectors are eigenvectors of said long term 
spatial signal covariance matrices. 

25. Method according to one of claims 20 and 21, whereiii 
said structure coefficients are calculated by using an 
independent component " analysis * 

26. Method according to one of claims 20 and 21, wherein 
said structure coefficients are calculated by a high- 
order generalisation of eigenanalysis which makes use of 
mean and covariance information in the received signal 
and designates dominant weighting vectors. 
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27. Method according to one of claims 20 to 26, wherein said 
structure coefficients are encoded before transmission. 

28. Method according to one of claims 20 to 27, wherein said 
structure coefficients are multiplexed with other 
signals to be transmitted in the uplink, the multiplexed 
signal being encoded before transmission. 

29. Method according to one of claims 2 0 to 28, wherein an 
error detection signal is transmitted together with the 
structure coefficients from the terminal to the 
transceivers . 

30. Method according to one of claims 20 to 29, wherein in 
the terminal the determined structural coefficients are 
used together with the channel estimates of the transmit 
paths between the transmitting antenna elements of the 
transceivers and the receiving antenna elements of the 
terminal to calculate the effective received channels. 

31. Method according to claim 30, wherein the effective 
channels are used in the terminal to calculate the 
values indicative of the short term variations in the 
channels, wherein the terminal signals the calculated 
short term values to the transceivers, and wherein the 
transceivers weight the data signals in the antenna 
elements of the transceivers with a combination of the 
received structural coefficients and the short term 
values . 
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32. Use of a method according to one of claims 1 to 31 in a 
WCDMA system. 

33. Transceiver (1) for a telecommunications network 
comprising at least two antenna elements (4) and means 
(3,5-10) for realising as mult i -element transceiver the 
method according to one of the claims 1 to 31. 

34. Transceiver module for a transceiver (1) for a 
telecommunications network, the transceiver module 
comprising means (8-10) for realising in a multi-element 
transceiver the method according to one of the claims 1 
to 31. 

35. Terminal (2) for a telecommunications network comprising 
at least one antenna element (11) and means (12,13) for 
realising the method according to one of the claims 1 to 
31. 

36. Terminal module for a terminal (2) for a 
telecommunications network, the terminal module 
comprising and means (12,13) for realising in a terminal 
the method according to one of the claims 1 to 31. 

37. Telecommunications network comprising at least one 
mult i -element transceiver (1) and at least one terminal 
(2), both with means (3-10,11-13) suitable for realising 
the method. according to one of claims 1 to 31, 
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